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UNCONTROLLED FLOW EVENT AND 
WELL DESIGN REVIEW 
1 INTRODUCTION 
1.1 Background 
Page 1 
Puna Geothermal Venture (PGV) is currently nearing completion of a 25 MW geothermal 
power plant located in the Puna District on the Big Island of Hawaii. PGV drilling activities 
commenced in November, 1990. The drilling activities completed to date include the completion 
of production well KS-3, the drilling of KS-7, and the rework of KS-1 A (Figure 1). KS-7 was 
drilled as an injection well but was suspended prior to completion due to a high pressure zone 
which was encountered at the relatively shallow depth of 1678'. Geothermal well KS-8 was the 
third new well to be started by PGV as part of the well field development to supply steam to the 
PGV power plant. 
KS-8 was originally planned as an injection well and was permitted under Underground 
Injection Permit (UIC) No. 1529 administered by the Hawaii Department of Health (HDOH). 
However, testing results from KS-3 and other power plant planning considerations led to the 
decision to drill KS-8 as a production well with the full production casing program. This well 
design is provided for in the UIC permit to construct. This change would allow the well to be 
used as a producer in the event that a significant production zone was encountered during 
drilling. A production well drilling permit for KS-8 was subsequently submitted to the 
Department of Land and Natural Resources (DLNR) which would allow for use of the well as 
a producer. That permit application is currently under review by DLNR 
At 11:17 p.m. (Tecton recorded time) on Wednesday, June 12, during the drilling ofKS-
8, a high-temperature, high-pressure zone was encountered at a depth of 3488 feet. When this 
zone was penetrated, a powerful steam driven pressure pulse propagated rapidly up the well bore 
and impacted surface equipment, resulting in damage to parts of the blowout prevention 
equipment (BOPE) and the drill rig. The well continued to produce a strong flow of geothermal 
steam, brine, and gas through the damaged blowout prevention equipment. The flow continued 
for approximately 31 hours before control of the well was restored. 
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1.2 Purpose 
The purpose of this document is as follows: 
* 
* 
* 
* 
* 
1.3 Scope 
To describe in detail the drilling activities immediately prior to, during, and after 
the uncontrolled flow event. 
To describe the reservoir conditions that caused the event. 
To describe the mode of equipment failure that allowed uncontrolled release of 
steam from the well. 
To describe the operations that were taken and that will continue to be taken to 
achieve satisfactory control and completion of the well. 
To describe the proposed drilling equipment and procedures modifications to be 
implemented in order to prevent recurrence of the event. 
This document pertains to the KS-8 drilling activities immediately prior to, during, and 
after the uncontrolled flow event of June 12, 13, and 14, 1991 and to ongoing and proposed 
drilling activities required to successfully control and complete KS-8. 
1.4 Nomenclature 
Several key terms will be used repeatedly throughout this document. These terms are 
defined as follows: 
THE KICK 
THE EVENT 
The sudden high pressure impact or impacts that caused the damage to the 
BOP equipment and drill rig. 
The occurrences spanning the time beginning with the kick and ending 
when well control was established. 
WELL CONTROL The stoppage of steam flow from the well and partial control of wellhead 
pressure by means of water injection. 
KILL Complete control of well pressure by means of heavy mud or cement. 
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2 DRILLING ACTIVITIES PRIOR TO, DURING, AND AFTER THE 
UNCONTROLLED FLOW EVENT 
2.1 Drilling Program 
2.2 Well and Rig Configuration at the Time of the Event 
The current well configuration is shown in Figure 3. The rig configuration is shown in 
Attachment A. The water supply to the rig consists of the PGV water well capable of supplying 
400 gpm of water at 104 deg. F. A 500,000 water tank filled from the water well is connected 
to the drill pad via a 4" PVC pipe with gravity feed. An auxiliary water supply of 
approximately 100 gpm is available from a hookup to municipal water main at Pad E. 
2.3 KS-8 Drilling History 
pgv\ks8rev DRAFT July 5, 1991 
' . 
PUNA GEOTHERMAL VENTURE DRAFT 
CONFIDENTIAL 
pgv\ks8rev DRAFT 
Page 4 
July 5, 1991 
PUNA GEOTHERMAL VENTURE DRAFT 
CONFIDENTIAL 
pgv\ks8rev DRAFT 
Page 5 
July 5, 1991 
PUNA GEOTHERMAL VENTURE DRAFT 
CONFIDENTIAL 
pgv\ks8rev DRAFf 
Page 6 
July 5, 1991 
PUNA GEOTHERMAL VENTURE DRAFT 
CONFIDENTIAL 
pgv\k:s8rev DRAFT 
Page 7 
July 5, 1991 
PUNA GEOTHERMAL VENIVRE DRAFT 
CONFIDENTIAL 
pgv\ks8rev DRAFT 
Page 8 
July 5, 1991 
PUNA GEOTHERMAL VENTURE DRAFT 
CONFIDENTIAL 
pgv\k:s8rev DRAFf 
Page 9 
July 5, 1991 
PUNA GEOTHERMAL VENTURE DRAFT 
CONFIDENTIAL 
pgv\ks8rev DRAFT 
Page 10 
JulyS, 1991 
\ 
PUNA GEOTHERMAL VENTURE DRAFT 
CONFIDENTIAL 
pgv\ks8rev DRAFT 
Page 11 
July 5, 1991 
PUNA GEOTHERMAL VENTURE DRAFT 
CONFIDENTIAL 
pgv\ks8rev DRAFT 
Page 12 
July 5, 1991 
PUNA GEOTHERMAL VENTURE DRAFT 
CONFIDENTIAL 
pgv\k:s8rev DRAFf 
Page 13 
July 5, 1991 
' . 
PUNA GEOTHERMAL VENTURE DRAFT 
CONFIDENTIAL 
liSiiBJ:::±~:=:~~!&~·: ~~;ti··:IE~~~ms. 
6M2191 
:;:::::::::::::::·:·:-:-·-·.·.·,·.·,•.·. 
Page 14 
..uu. ~..,... new 
unloaded, indications to the driller were that pump pressure was -
increasing and the driller was picking up the Kelly to close the BOP's when the well unloaded. 
6/13/91 
Attempts were made to kill Well KS-8. (Details are listed in Section 2.5 Well Control 
Activities) 
SUMMARY OF WELL CONTROL PROCEDURE: 
Picked up on kelly, closed bottom pipe rams,(steel rams). Rams even though closed , 
leaked steam and water, closed in on top rams and opened on 4 inch kill line. Rigged 
up on standpipe and closed standpipe valve, pumped water through standpipe and kelly 
hose with Halliburton, pumped down drill pipe at 9 bbls/minute. Opened up choke line 
to divert flow from under the rig. Closed choke line pumping 9 bbls/min down drill pipe 
~~:::~~:::p,~~: Worked on getting in to bottom of cellar to hook up to 13 3/8 inch casing liea(fvaives· in order to dead head water into well. 
6/14/91 
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Continued to attempt to kill well, worked in cellar, hooked up to 13 3/8 inch wing valves 
on casing head. Rigged Halliburton to wing valves, pumped down 13 3/8 inch annulus at 5 
bbls/minute with water ~~ ll $9Qll!§!; pressure gradually decreased ~il:l~l m,li~!~l~ concurrently with 
pumping into annulus pumpe<Cctown drill pipe with water at 5 bbisl"m1n\i'te .. !~:::~m::i~li. 
6/15/91 
Pumped lost circulation material into 13 3/8 inch wing valves in an attempt to seal off 
around pipe rams and to stop leakage of steam and water around stack. Lost circulation material 
succeeded in plugging off leaks around pipe rams. Hydrogen sulfide emissions ended at this 
time (7:00am). Cleared off rig floor, worked toward rig repair. Continued to pump down drill 
pipe and into casing annulus. 
Drill pipe 4 bbls/min 
Casing 4 bbls/min 
6/16/91 
Worked on Parker Drilling Co. mud lines, Changed out top drill pipe rams in BOP 
stack. Closed top rams on drill pipe, opened bottom set of rams, stack held O.K.. Changed 
over from pumping with Halliburton to pumping with Parker Drilling Co. rig pumps. Released 
Haliburton, changed out Hydril rubber. Continued pumping into well. 
Drill pipe 4 bbls/min 
Casing annulus 4 bbls/min 
6/17/91 
Pumped into well with cold water: 
Drill pipe 3.5 bbls/min., Pt~::P~! f: 
Casing 4.5 bbls/min. , l¥:~lll'ii[ .. . 
Continued with rig repair, replaced floor"i)lates, flow lines, air lines, electric lines, etc. 
6/18/91 
Continued with rig repairs , continued pumping water into well. 
Drill pipe 3.0 bbls/min , q~Q :p§!~ 
Casing 3.0 bbls/min, ~IJ :i~~f · 
Attempted to change out TIW valve on bottom of Kelly, well flowed back with full 2 inch 
stream. Shut pipe in and pressure increased ~~ . igg :;~~~ \i Continued to pump cold water into 
well. 
6/19/91 
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Continued to pump water down drill pipe and into well annulus to cool well. Rigged up 
Halliburton and Parker Co. s to well annulus, ection test into the 
6/20/91 
··•,·:·:··········· 
rig repairs, installed additional cooling tower, installed flow nipple and flow line. 
2.4 Uncontrolled Flow Event 
The probable cause of failure was insufficient flow capacity to relieve pressure kick. The 
insufficient relief flow area caused the annular preventer element to fail. The failed preventer 
element choked the flow path of the spacer between the Hydril and the rotating head. This 
resulted in a second rupture that damaged the mud line and the flow line. This also caused the 
rig floor to be displaced. This prevented the driller from staying on the brake resulting in kelly 
dropping down. The position of the kelly interfered in the complete closure of the upper pipe 
ram. The leakage around the upper pipe ram totally engulfed the rig floor in steam. 
The complete lack of visibility on the rig floor and the displacement of the floor plates 
and other parts of the rig necessitated waiting until daylight before proceeding. 
The rupture of the rotating head spacer spool damaged the mud line, flow line and 
pneumatic control lines under the rig floor. 
The following is the sequence of events and actions taken during the kick and 
uncontrolled flow: 
1. Portions of the blow out preventer stack were damaged at the time that the steam 
or C02 blew out above the Hydril. 
2. The Hydril annular preventer was damaged by the excessive pressure impulse of 
the gas. The Hydril was inoperative. 
3. The driller was forced away from the brake and the kelly dropped into the area 
of the pipe ram closure. Pipe rams will not close completely around the 
hexagonal kelly, therefore there was leakage around the kelly which prevented 
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working on the floor. The rig floor was engulfed in steam. 
4. The location was cleared and all personnel were accounted for. 
5. Agencies and PGV personnel were notified. 
6. The following decisions were made: 
a. Shut down electric power to the rig drawworks at the SCR panel. 
b. Safety trailer was to be moved from the site to a location above the site 
and away from the well head. 
c. It was also decided to wait till daylight to reassess the situation and to 
take other actions around the rig and on the rig floor. 
7. Personnel with safety gear moved the safety trailer from the site to a location 
above the site and away from the well head. 
6/13/91 6:00AM 
8. At dawn the HCR valve was opened venting the well through the choke manifold 
and the leakage around the kelly in the pipe rams. 
9. It was at this point that it became known that 
a. The Hydril was inoperative 
b. The damage to the kill line and to the mud line had caused the pumps to 
pump onto the drill site and not down the drill pipe. The mud pits were dry. 
c. The bottom metal to metal pipe rams and the blind rams were still open. 
10. It was decided to mobilize Halliburton to pump cold water down the drill pipe. 
11. Parker crews rigged the Halliburton cementing lines to the standpipe and closed 
the lower valve. This established the path to pump fluids down the drill pipe. 
12. Halliburton was rigged to pump down the drill pipe through cementing lines. 
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(6/13/91 10:30 AM) 
13. Closed in the choke line. Pumping 9.5 bbls/min. Pressure 1700 psi decreasing 
to 900 psi. 
14. Rigged up lines to Halliburton to pump down the annulus. Pump 5 bbls/min 
down the annulus. Initial pressure 1700 psi reducing to 1000 psi. Pumping 
down the drill pipe 4 bbls/min pressure still 900 psi. (6/14/91 4:00AM) 
15. Pumped LCM to plug off steel pipe rams. Flow was controlled. (6/14/91 10:00 
AM) 
16. Change out the top pipe rams. Steel rams with LCM held. 
6/16/91 12:00 NOON 
17. Open steel pipe rams. Top pipe rams are closed. The choke line is closed. 
Continued to pump down the drill pipe and annulus. 
18. Clean and reconstruct rig floor. 
19. Repair Hydril. (6/17/91 2:00AM) 
20. Repair rig and mud system. 
21. Current (6/24/91) well configuration is shown in Figure 3. 
2.5 Well Control Activities 
MATERIALS TO BE USED IN THIS PROCEDURE 
2000 bbls of 22 ppg Mg AI hydroxide I Iron oxide mud 
2000 bbls of 10 ppg Saturated salt water 
Lost circulation material to shut off shoe fracture. 
TANK STORAGE CAPACITY 
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The combined storage volume is as follows: 
Parker Drilling 231 650 bbl 
True Drilling 051 1000 bbl 
4 Baker tanks (475 bbl) 1900 bbl 
Capacity of 10" line 126 bbl 
3676 bbl 
Additional storage tank 500 bbl 
on order from PDC 
Total 4176 bbl 
PUMPING CAPACITY 
Page 19 
The estimated pumping capacity of the Parker 231, the Halliburton trucks and the True 051 is 
54 bpm. 
Parker Drilling 231 
True Drilling 051 
Halliburton 
Additional pumping 
capacity on order 
Total 
MANIFOLDING 
12 bpm 
24 bpm 
18 bpm 
54 bpm 
12 bpm 
64 bpm 
The pumps will be manifolded together for the total flow rate. Cannot move the True 
pumps; therefore we will need pipeline from KS-11 to KS-8. Use existing well test 10" line to 
separator on KS-3. Pipe True flowrate over to the KS-3 site. 
Flow rate - pressure drop relationships will be calculated and tested. 
A Halliburton cementing head or frac head will be used on the drill pipe manifolding. 
Manifolding for Halliburton and True 051 to the annulus will be fabricated and tested. 
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The following things can be started immediately: 
a. Pipe from True rig to pipeline at KS-3 and from pipeline at 
to manifold on annulus. 
b. Relocate Baker tanks 
c. Manifold Baker tanks 
d. Change out Hydril element 
SNUBBING UNIT 
In addition to the extra tanks and additional pumping capacity Cudd Pressure Service 
is being mobilized to Hawaii for use in snubbing drill pipe and BHA out of the hole and back 
in should this be necessary. 
PROCEDURES 
1. Rig and test manifolds for fluid transfer and pumping down the drill pipe and 
casing. Place tanks and other equipment as needed. Strip out 2 joints of drill 
pipe. (Question of opening float valve and enlarging nozzle flow area versus 
snubbing out and in will 1be determined based on temperature information.) 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
pgv\k:s8rev 
Establish pumping rates and schedule for 22 ppg kill fluid, 10 ppg fluid, lost 
circulation materials and cement. 
Mix and store the fluids ls established in Step 2. 
Pump water into drill pibe and casing to establish standard conditions. 
Start 10 ppg fluid down the casing. Rate determined in Step 2. Expected to be 
a nominal rate at initiation. (3 bpm) 
Start 22 ppg fluid dow~nhe drill pipe. Rate to be maximum within pressure 
rating and equipment li its. Expected to be greater than 12 bpm. Drill pipe 
should go on vacuum. ntinue to pump at the max rate. 
Anticipate reduction in casing pressure toward zero. When casing pressure is 
less than 50 psi begin pumping LCM loaded fluid down the casing. 
Reduce rate of pumping on the drill pipe 
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9. 
10. Pump 45 bbl of 15.2 ppg cement. 
11. Displace to bit with 22 ppg mud. 
12. Strip out two stands of drill pipe. 
13. Monitor the casing pressure. Pump additional 50 bbls of 22 ppg mud on top of 
cement should pressure start to rise. If the casing pressure is then controlled 
pump 50 bbls of 15.2 cement and strip out two more stands. 
14. 
15. Strip to shoe and squeeze 100 bbls of cement at the shoe. 
16. Evaluate situation. Wait on cement 8 hrs. 
17. Pull out of the hole and secure the equipment. Continue to monitor flows and 
temperatures. 
2.6 Well Completion Program 
Once the bottomhole entry i\9ii·:.ll'lifi,i:: i~iili:tpl, i'jj§fif1::::ifi i'i p~p~gl·.ii!l and pressure is 
controlled with fluid in the well, the plug at the shoe will be drilled out. The 9-5/8" casing will 
be run to the top of the lower plug. The options of running the casing as a single string or as 
a cemented liner and tie-back will be decided upon according the competence of the well bore. 
Lead and tail cement will be designed to accommodate well bore frac gradient. 
Lower plug will be drilled out with mud weight based on reservoir pressure calculated 
from the boiling point for depth curve. Drill pipe will be tripped out of the hole using the 
snubbing unit if necessary. 
3 ASSESSMENT OF RESERVOIR CONDITIONS CAUSING THE EVENT 
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3 .1 Geologic Setting 
KS-8 is located at the foot of Puu Honuaula, a cinder cone dated at 500 to 750 yrs bp 
and is approximately 450 ft. southeast of the 1955 eruption vent fissure. The well penetrated 
3478 ft. T.V.D. (true vertical depth) of basaltic lava flows and dikes belonging to the Puna 
Volcanic Series. The upper 3064 ft. T.V.D. of the formation is composed of a succession of 
subaerial lavas flows, flow breccias and cinder scoria cut by very rare dike rocks. This section 
is extremely permeable, especially above 2,000 ft., and is host to ground water circulation. 
Ground water within the project area is anomalously warm and has an anomalously high total 
dissolved solids content indicating natural leakage of fluid from the underlying geothermal 
reservoir. 
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3.3 Flowrate During the Event 
The well was discharged through a 4" choke for 31 hours. The flowrate could not be 
measured during this period. 
·=:-:·:=:·:·:·:·:=:-:-·=.·· . :-: •. ··:=:-:·:=:-:-::::::::;.;:;:;:;.;.;-:-::;:;:;:;.;.;:;.;.;:;:;:;:;.;.;:;.;:;.;:;:·:::;.;.<·.-·.· .. ·. 
percent of this was probably steam, the remainder being water. 
4 MODES OF EQUIPMENT MALFUNCTION AND FAILURE DURING THE EVENT 
4.1 Blow Out Preventer Stack (Figure 2) 
The probable cause of failure was insufficient flow capacity to relieve pressure kick. The 
insufficient relief flow area caused the annular preventer element to fail. The failed preventer 
element choked the flow path between the Hydril and the flowline outlet from the rotating head. 
This resulted in a second rupture that damaged the mud line and the flow line. This also caused 
the rig floor to be displaced. This prevented the driller from staying on the brake resulting in 
the kelly dropping down. The position of the kelly interfered in the complete closure of the 
upper pipe ram. The leakage around the upper pipe ram totally engulfed the rig floor in steam. 
The annular preventer had been activated and the driller was attempting to pull the pipe 
into the pipe ram area for a closure around the drill pipe. The explosive release of gas and/or 
steam from the annular preventer and then the rotating head and spacer prevented normal 
opening of the panic line and the closure of the rams. Under normal circumstances this would 
be followed by diverting through the choke and sequential closure of the well. 
The complete lack of visibility on the rig floor and the displacement of the floor plates 
and other parts of the rig necessitated waiting until daylight before proceeding. The rupture of 
the annular preventer and the rotating head and spacer damaged the mud line, flow line, and 
pneumatic control lines under the rig floor. When daylight permitted activity corrections to the 
situation were begun. 
4.2 Drill Rig Components 
As noted when the release of energy took place there was damage to the flow line, the 
mud line, pneumatic lines to the drawworks, and the floor plate structure of the rig. The other 
components of the well control equipment and choke system were intact. 
Due to the steam on the floor coming through the pipe ram closed around the kelly the 
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operation of the drawworks and pumps had to be rigged from off the floor. 
4.3 Indicated Equipment Modifications 
There are three areas of equipment modification that would mitigate the problems that 
existed with the events of 6/12/91. The following revisions are being considered. More 
examination and analysis may modify the approach but the functional need will still exist. 
With the high temperatures of this resource there is a need for a larger flow relief from 
the stack. This will prevent damage to the well control equipment, allowing the flow to be 
constrained more rapidly. The revised BOPE stack is shown in Figure 4. The 13-3/8 relief line 
gives the needed flow capacity. This approach has been used in high pressure gas well 
applications. The relief line has a burst plate to automatically divert the flow away from the 
floor so that the necessary actions can be taken. In addition to the 13 -3/8" diverter line the new 
stack design will include one more ram set in the control stack. 
The second area of change being considered is to increase the normal choke assembly 
flow capacity. The reasons for this are somewhat similar to the reasons for a change in the 
preventer stack. 
The third area of change is the remote operation of the choke valves themselves. 
Currently the HCR valve is remote but the variable choke settings cannot be done remotely. 
Also the choke manifold will be place further from the rig floor. 
An area under consideration is a secondary station to control pump flow and some of the 
drawworks operations. This area is only under consideration at this time. 
Further investigation may reveal additional areas to be modified. 
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GROUND SURFACE 
CELLAR 
12-1 / 4" HOLE-- -----{ 
TO 3488' MD 
LOWER KELLY COCK 
2D" HI K- 55 BT&C 
CEMENfED 1 032' TO SURFACE 
NOTE: 
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--J------ TOP OF HWDP 2693' MD 
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X/ 0 
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